a smaller degree of riboflavin-saturation in the body.
3) In the visceras (liver, kidney, lung, heart) the quantity of ribo flavin was smaller than in those of the control animals whether the former were loaded with riboflavin or not.
4) It was observed, both clinically and pathohistologically, that the symptoms of deficiency were well cured by injection of riboflavin.
5) In cases of only deficiency in riboflavin, 5 of 26 cases showed diffuse superficial opacity of the cornea, and 3 showed coneal vasculariza tion.
6) Out of 20 cases of deficiency in several vitamins of VB2-complex, 3 showed diffuse superficial corneal opacity, 1 erosio corneae, 4 corneal vascularization and 1 edematous opacity of the retina. 7) Pathohistological findings from these clinical signs were as fol lows ;
a) The edema and the vacuoles of the corneal epithelial layer, vascularization in the stroma below the epithelium, and subepithelial cellular infiltrations (histiocyte, monocyte, plasmacyte, etc.) that indicated chronic inflammation at the corneal limbus were found. (Fig. 5, Fig. 6 , Fig. 7 ) b) In one case of the erosio corneae we found necrosis and fall ing of the corneal epitheliums and polynuclear leucocyte-infiltration between the upper lamella of the corneal stroma. c) In the case of the retinal edematous opacity we found the degeneration-substance like mucin (postive by the mucicarmin-staining) at the retinal nerve-fiber-layer. d) In most of the cases signs indicating the process of degeneration of the retinal ganglion cells, namely chromatolysis and chromatophilia of the Nissle's body, and alveolar vacuole-formation of the protoplasma were found. Such changes were found at the ganglion cell in the cortex of brain, too. (Fig. 9, Fig. 10, Fig. 11, Fig. 12, Fig. 13 ) e) In the liver central fatty degeneration was marked. (Fig. 14) . Thus we recognized that with a lack of riboflavin there occurs patho logical changes, chiefly at the cornea and the retina, and then a decrease of visual acuity.
We believe, therefore, that we have sufficient data to explain the clinical symptoms of riboflavin-deficiency in man.
Irinoda and S. Sato 
DISCUSSION
Our observation indicates that in human beings, as well as in animals, the dificiency of riboflavin brings about numerous and various signs, not only in the general body, but in the visual organ. Previously, Syden stricker5) and his associates reported in 47 cases of ariboflavinotic patients with cheilitis, glossitis, seborrhoea ocular manifestation such as 37 con junctivitis, 45 circumcorneal injection, 37 corneal vascularization, 18 corneal opacity, 19 pigmentation of the iris, 4 iritis, 6 cataract, and H. J. Stern, Landau6),7) J. J. Stern") observed that in ariboflavinosis, vascularization of the cornea (so-called eczematous keratitis) often occurred, which was the end results of riboflavin deficiency would not be affected by these newer concepts, for such a deficiency would result in a severe disturbance of the oxidative systems in the body. From the preceding consideration, it can be seen that the function of the yellow enzyme is to aid in the transfer of hydrogen from the tissue cells to the blood stream, where free oxygen is available from the break down of oxyhaemoglobin to hemoglobin, and where the oxidation of the hydrogen received originally from the substrate (heroin anolog chloro phyll), through the coenzyme, can be accomplished. It is believed that if hemin substances are not present in a tissue (such as the avascular cornea) the oxidation within the cell is accomplished by Warburg's yellow enzyme. Because in avascular or hypovascular tissue such as the cornea, inner layer of the retina heroin substances are not brought into close proximity with the tissue cells, so it may be assumed that the greater part of gaseous in terchange in oxidation is effected through Warburg's yellow enzyme.
Therefore, in the avascular or hypovascular tissue riboflavin is deficient, so local asphyxia is brought about and at first degenerative changes occur. Further, on the other side, as an attempt to overcome local asphysia by bringing available oxygen into closer proximity with tissue cells, the pro liferation of capillaries was brought out.
We are going to suggest that in the event of a deficiency in any of these elements, or in some one of the elements, namely, riboflavin, the capillary endotheliums will be one of the first, if not the first, of the tissues to suffer the effects of interference with normal respiration and metabolism. The result of the anoxia upon the capillaries is a derangement of function, which we shall refer to as " capillary dysergia " with metabolic disorder of the cells of the neighbouring tissue. So accompanied with these changes, chronic inflammation was involved as a consequence.
Hitherto nothing has been described about the retinal changes due to ariboflavinosis. In experimental study we saw a case of retinal edematous swelling with pathohistological mucous degeneration of nerve-fiber-layer due to lack of riboflavin and some of the other factors of the vitamin B2 group. Excepting the one above, all the cases without the ophthalmos copical finding in the ganglion cells, showed remarkable degeneration such as chromatophilia or chromatolysis of the Nissle's body and alveolar vacuole-formation of protoplasms. These changes of the retinal ganglion cell must be discerned as the beginning stage of degeneration , caused by the nutritional deficiency of the cells in riboflavin, because the same changes occurred in the ganglion cell of the brain cortex by the same cause .
Those changes should cause various visual disturbances such as " nutritional amblyopy " (Moore ,12) Landor and Pollister13), Scott14), Rodger15) and " Twilight-blindness " (already described by Pock-Steen16) and also clinically noticed by us). Besides if reconsidering the hyper keratinization of the corneal and conjunctival epithelia, which were shown in our clinical cases, we found great similarity in nature between the ocular lesions of avitaminosis A and ariboflavinosis. The former, however, responded to vitamin A. As the processes in conjunctivitis or avitaminosis A extend through the corneal epithelium and down .into the cornea, it is not surprising that they disturb the cornea with a typical, but probably secondary, response like that seen in ariboflavinosis. Since the site of the first reaction of riboflavin is just beneath the corneal epithelium, it is possible to conceive how riboflavin may thus be secondarily disturbed. As the process reaches the lamellae just under the corneal epithelium, it is possible that the keratitic manifestation represents a secondary riboflavin distrubance.
In consequence, avitaminosis A concurrent with aribo flavinosis might be expected to add to the extent or intensity of the keratitis due to the ariboflavinosis. And according to Spies et al") the enzymatic function of riboflavin has so a close connection with other various vitamins, that nicotinic acid in the form of its amide is an important factor in form ing the co-zymase (von Euler) and co-ferment (Warburg). Thiamine is also an important co-enzyme in phosphorized thiamine (cocarboxylase). So ariboflavinosis may happen as a partial phenomenon of polyavitaminosis.
Hills et al18) have reported on the experimental deficiency of ribo flavin in the human being. Under the conditions of their study the tend ency of small vascular twigs in the margins of the cornea to disappear and reappear months later was frequently noted, but no proliferation of the vessels of the limbic plexus was seen. Certainly these must have been a latent ariboflavinosis, if they become manifest by the joining of other factors, such as injury and light exposure. The " yellow enzyme " is necessary in such a large number of cellular reactions that it is surprising that ab normalities beneath the dermal layer were absent or minimal. The inability to find any changes in the metabolites in the body fluids may be because the cell, once matured, requires only a minimum amount of riboflavin. However, the rate of replacement of such cells with others may be dependent on a more abundant supply of riboflavin, obtainable either from the diet or through the breakdown of less vital tissue.
SUMMARY
By clinical observation on so-called " Shibi-Gattchaki " patients and the experimental study on young riboflavin-deficient rabbits we have ob tained the following results;
1. The deficiency of riboflavin mostly caused degenerative changes (vacuolar degenerations), regenerative process (compensatory vasculariza tion) and reactive chronic inflammation in the avascular or hypovascular organ such as the cornea, inner layer of the retina.
2. Ocular manifestation of ariboflavinosis including its latent state occurred considerably frequently in human beings as well as in animals, as compared with other signs.
3. Ocular symptom, like other various clinical signs, are patho gnomonically reliable.
